
PRACTICAL PHARMACOLOGY
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XII
ANTISEPTICS AND DISINFECTANTS

Antiseptics have long been used for the preserva-
tion of the human body after death and for other pur-
poses. Of course the nature of their action was not
understood in early times. The modern use of anti-
septics and disinfectants in surgery dates from their
employment by Lister less than thirty-five years ago.
Lister's brilliant results aroused the hope that all

pathologic micro-organisms in the human body might
be killed, especially those in the blood. Though this
hope has not been fulfilled it has been fostered by
manfacturers of proprietary preparations, and there
are few branches of the materia medica in which there
have been more misunderstanding and deliberate mis-
representation.
The subject of antisepsis and disinfection concerns

the public health and general welfare deeply; therefore
the physician should understand the general principles
involved. Little more than a presentation of certain
principles and a brief discussion of the more com-

monly employed antiseptics and disinfectants1 will be
attempted here.
It is obvious that all disinfectants will prevent the

growth of bacteria, but for some reason the fact is
often overlooked that an antiseptic does not prevent
the subsequent growth of the micro-organisms when
the necessary conditions have changed.
The importance of this lies in the fact that anti-

septics are often recommended for use where disin-
fectants alone are of value. It is obviously useless to
employ an antiseptic in washing an infant's nursing-
bottle and its fittings, because an antiseptic wash is
no better than water for removing bacteria, and unless
they are removed or destroyed they will multiply when
the bottle is filled with milk, which is an excellent
culture medium.
Anything that renders the conditions unsuitable for

the growth of bacteria will act as an antiseptic, but
a chemical substance, to be actively disinfectant, must
penetrate the bacterial cell and act on its protoplasm.
Some of the more intensely active antiseptics have
been mistaken for disinfectants when tested carelessly,
because enough of the antiseptics were transferred
to the culture mediums with the bacteria to prevent
further growth, leading to the supposition that the
bacteria had been killed.
The activity of disinfectants is altered by so many

different conditions that it is not sufficient to know
the actual or relative degree of activity of a given
agent when it is used in a test-tube experiment under
the most favorable conditions ; it is necessary to know
also the approximate activity under the conditions in
which it is to be used.

This is the twelfth of a series of articles on useful drugs\p=m-\on
practical pharmacology for the general practitioner. As soon as com-
pleted, these articles, elaborated by additional subjects, will be pub-
lished in book form.

1. There has been so much confusion regarding the use of the
terms "antiseptic," "disinfectant" and "deodorant," that it may be
permissible to define these terms briefly. A disinfectant is an agent
that destroys micro-organisms. An antiseptic prevents the growth of
micro-organisms so long as certain conditions are maintained. Deodor-
ants absorb or destroy odors: they are not necessarily antiseptic or dis-
infectant.

Different organisms manifest wide differences in
their resistance to the action of disinfectants, and
among the 'factors which influence the destructive
activity of a disinfectant for a given organism are

temperature, the presence of organic matter, and the
manner of cultivation of the organism. It is obvious
that we cannot do more than approximately determine
the activity of any disinfectant in a given condition,
unless it has been tested with reference to those condi-
tions ; but the standardization of a disinfectant affords
an approximate indication of its value.
Of the numerous methods proposed for standardiz-

ing disinfectants, the one known as the "Hygienic
Laboratory phenol coefficient"2 has been adopted as
the basis for purchasing disinfectants by the United
States government and is recognized by the Council
on Pharmacy and Chemistry. Stated briefly, this
method consists in comparing the activity of the agent
to be tested with that of phenol under conditions which
seem best calculated to indicate its usefulness.
For convenience of discussion, we shall classify the

antiseptics and disinfectants arbitrarily as derivatives
of benzene, urinary disinfectants and antiseptics, and
general disinfectants and antiseptics. The discussion
cannot be either systematic or comprehensive' but it is
intended to call the physician's attention to the depend-
able resources at his command for internal use, and
for such disinfection as the general practitioner may
be called on to conduct in emergencies. Many of the
derivatives of benzene may be used for general disin-
fection, and some of those classified as general disin-
fectants may be used internally.

DERIVATIVES OF BENZENE
Benzene (QH,.,) is not actively disinfectant, but

phenol, which results from the substitution of an OH
for an H of benzene, is sufficiently active to be used
as the standard for comparison of disinfectants,
though it is far from being the most active even of
this group.
The toxicity of phenol (carbolic acid) lessens its

field of usefulness, but the introduction of certain
molecular groups into the phenol molecule lessens its
toxicity without diminishing its disinfectant action.
Many compounds formed in this way are now used.
Phenol combines with protein and precipitates it

from solution. When applied to the skin, phenol
forms a white eschar by precipitating albumin. It
does not form a stable combination, and it may be
removed by washing with alcohol or glycerin, in which
phenol is very soluble.
Phenol ointment or oil is not actively disinfectant,

because the phenol is more soluble in fat than in the
bacterial cell and does not penetrate the latter. It is
anesthetic, however, because the fat penetrates the skin
and permits the phenol to come in contact with the
sensory nerves.
The application of pure phenol or concentrated

aqueous solutions to the skin causes pain followed
by anesthesia, but the use of dilute solutions is not
attended with severe pain. Oily solutions are pref-
erable to aqueous when anesthesia is desired, but the
aqueous are sometimes applied to infected superficial
wounds for their antiseptic action. The water evapo-
rates, requiring frequent renewal of the solution, and
this may lead to gangrene even when dilute solutions

2. Hygienic Laboratory Bulletin 82, April, 1912, is devoted to a
discussion of this method and of the value of a large number of dis-
infectants which are advertised widely.
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are applied to the extremities in which the circulation
is poor, as it is frequently after injuries; it is better,
therefore, to add a little glycerin to the solution to
retard the evaporation of the water.
Concentrated ointments and solutions of phenol

should not be used, the official 2 per cent, ointment
probably being as useful as those containing higher
percentages of the anesthetic.
Fatal doses of phenol depress the central nervous

system, causing profound collapse, which is usually
preceded by stimulation of the cord, with increased
reflexes and possibly with convulsions. Conscious-
ness is usually retained until late in the course of poi-
soning, and the condition of the patient may be com-

pared to that of one suffering from surgical shock.
Phenol is absorbed at first fairly rapidly from the

alimentary tract, but after the absorption of a large,
but not fatal, dose it proceeds more slowly, apparently
because of interference with the circulation ; hence if
the stomach is washed even after severe symptoms of
poisoning have developed, a part of the phenol may be
removed and the life be saved.
When phenol remains in the stomach bland oils are

i contra-indicated, because they favor its absorption,
but they may be used after the stomach has been
washed. White of egg should be administered imme-
diately if it is at hand, but no time should be lost
before washing out the stomach with water. Ten per
cent, of alcohol may be added to the water if it does
not entail loss of time, but no chemical antidote is
comparable in effectiveness to the prompt washing
with water in abundance. White of tgg may be
administered after completing the washing, as it serves
the double purpose of combining with any remaining
phenol and protecting the irritated mucous membrane.
One should not permit any theoretical considerations
of the antidotal nature of various chemical substances
to interfere with the thorough washing of the stomach
with water, and when this has been accomplished (the
last washing should have little or no odor of phenol),
attention should be paid to methods of restoration,
stimulation being required if the patient is in collapse.
Concentrated phenol causes corrosion of the esopha-

gus and stomach if it is not removed promptly, and a
bland oil, such as sweet oil, is useful to allay the pain
after the poison has been removed.
Sodium sulphate was long supposed to be an effec-

tive antidote to phenol, with which it was said to
form a sulpho-carbolate. This reaction does not occur
in the body, and one should avoid being misled by
this popular fallacy.
Concentrated phenol "burns" on the skin are treated

by washing with alcohol or glycerin, and applying an
emollient or ointment.
This peculiar white eschar or "burn" is frequently

seen on the hands or about the lips of those who have
taken the poison by accident or with suicidal intent,
and it serves as a guide to the identification of the
poison ; in such case the treatment of phenol poison-
ing should be instituted without delay. The odor is
characteristic, and it may be detected on the breath
in many cases of poisoning.

Salicylic Acid and Salicylates
Salicylic acid differs from phenol by having an H

of the latter replaced by the group CÓOH. Benzoic
acid differs from phenol by having the OH of the lat-
ter replaced by COOH. Salicylic acid is obtained
from oil of sweet birch, or oil of wintergreen, both

being composed mainly of methyl salicylate. It is also
prepared synthetically from phenol. Benzoic acid is
obtained from benzoin and prepared synthetically.
The actions of salicylic acid resemble those of phenol

in a general way, but it is less depressant to the cen-
tral nervous system.
Large doses, such as are used therapeutically, induce

symptoms resembling those caused by quinin, and with
still larger doses there may be actual narcosis. The
toxic symptoms include dizziness, roaring in the ears,
a sense of fulness in the head perhaps with headache,
and sometimes mental dulness.
Disturbances of hearing are usually transient but

sometimes lasting; they are attributable to circulatory
disturbances, as are those of vision, but in the more
serious cases there may be injury to the nerve cells
in the ear. The respiration becomes rapid with large
doses, and respiratory failure ensues in fatal cases.
Circulatory disturbances result from the action on

the vasomotor centers and partly from the injury to
the heart, but the toxic action on the heart is not
important except with the largest doses. The vessels
of the skin dilate, and sweating is often profuse, the
action being similar to that seen with the other drugs
of the antipyretic group. The blood pressure falls
with the appearance of other symptoms of collapse,
when very large doses are administered.
Salicylic acid is absorbed and circulates as a salicyl-

ate, probably as sodium salicylate, which is only feebly
antiseptic, and there is much uncertainty concerning
the mechanism of its action in relieving the pains of
articular rheumatism. It has been suggected that sali-
cylic acid has a specific action on the organisms which
cause rheumatism, but there is no clear evidence of
this. Relapses are more common in those cases in
which salicylates are used than in untreated ones.

Salicylic acid and sodium salicylate are irritant to
the stomach, and it is customary to administer an
excess of alkali with it, preferably sodium bicarbonate,
to prevent liberation of the acid by the gastric juice.Many efforts have been made to prepare substitutes
for salicylic acid which would be devoid of the action
of the latter on the stomach and central nervous sys-
tem, while retaining its therapeutic actions. These
efforts have been somewhat more successful with
regard to obviating the local irritant action on the
stomach than with reference to the systemic effects.
Several of these substitutes will be discussed later.
The relative value of salicylic acid and the syn-

thetic substitutes for it constitutes a question apart
from that of the relative toxicity of salicylic acid itself
prepared synthetically and that obtained from oil of
wintergreen or oil of sweet birch. There has long
been current a mistaken belief that the natural sali-
cylic acid is less toxic than the synthetic product.
This belief arose from the fact that early reports
were to the effect that the synthetic product contained
very poisonous impurities ; but recently an extended
investigation of the subject was undertaken by the
Council on Pharmacy and Chemistry, and com-

parative results obtained with the natural and syn-
thetic products were reported; these reports were
reviewed by W. A. Hewlett, who summarized
the results obtained by fifteen clinicians on 139
patients. Hewlett reports that there is no difference
between the natural and the synthetic salicylic acid
so far as observable results are concerned.3 The

3. Hewlett, A. W.: Clinical Effects of "Natural" and "Synthetic"
Sodium Salicylate, The Journal A. M. A., Aug. 2, 1913, p. 319.
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natural salicylic acid is many times as expensive as
the synthetic.
It is commonly stated that salicylates increase the

elimination of bile, but this action is probably unim-
portant therapeutically.

Salol
Among the various compounds which have been

introduced with a view to lessening the toxicity of
salicylic acid is phenyl salicylate, or salol, as it is com-
monly called, consisting of one molecule of salicylic
acid united to one of phenol. This is almost insolu-
ble in the gastric juice ; hence it does not irritate
the stomach ; but passing into the intestine, it is
decomposed with the liberation of its component parts,
the salicylic acid combining with sodium salts to form
sodium salicylate, this and the phenol being absorbed.
Salol lacks the disagreeable taste of sodium salicyl-

ate, and it does not irritate the stomach ; but its actions
are obviously those of phenol and sodium salicylate,
though these actions are slowly developed.

.Human milk is said to contain a ferment capable of
splitting salol, and gastric irritation is reported to
have occurred in some cases when salol was admin-
istered to breast-fed infants.

Aspirin
Acetyl-salicylic acid (aspirin) is formed by the

introduction of the acetyl group into salicylic acid.
It is less irritant to the stomach than salicylic acid
It is decomposed in the intestine with the formation
of acetates and salicylates ; hence its systemic actions
are those of salicylic acid.

Benzoic Acid and Benzoates
Benzoic acid differs from salicylic acid in having

no phenolic OH group. It is obtained from benzoin
and prepared synthetically. Benzoic acid and the ben-
zoates are almost devoid of toxicity for the central
nervous system, but they are also much less actively
antiseptic and only feebly disinfectant.
The wide-spread use of the benzoates as food pre-

servatives has led to discussions which at times have
been more acrid than scientific. We do not know that
benzoates are distinctly harmful to healthy adults when
taken in moderate amounts even for prolonged periods,
but we have no knowledge of their effects on those
who are not in good health. Hence it is preferable
to avoid the constant use of benzoates in foods.
If one cannot speak in unqualified condemnation of

the use of food preservation at all times, there can be
no question of the undesirability of using them to
cover up and hide the renovation of partially decom-
posed foods.
Benzoic acid has no important therapeutic uses, so

far as its internal administration is concerned. It may
be used as a mild antiseptic.

Cresols
The cresols differ from phenol by having a methyl

group—CH3—replacing an H of phenol. The official
cresol consists of a mixture of three isomeric cresols.
Only one of these is desired for its antiseptic action,
but it is expensive to separate them ; hence the mix-
ture is used where a cheap but efficient disinfectant is
desired.
Its action resembles that of phenol, but it is less

poisonous and about four times as actively germicidal.
It has the disadvantage of not mixing readily with

water ; hence it is commonly employed in a mixture
with an equal amount of potassium soap, known as

compound solution of cresol. This is useful for dis-
infecting the skin, for lubricating the hands and as a

vaginal douche. It is inexpensive and may be used
for disinfecting rough furniture and rooms which are
not injured by washing with soap and water.
It is used as a disinfectant in solutions of 0.25 to

1 per cent. The compound solution is used in 1 to 5
per cent, solutions for washing wounds and as a
douche.

Creosote
Creosote is a mixture of phenols and phenol deriva-tives, including guaiacol and creosol, obtained from

beechwood tar.
The systemic actions of creosote resemble those of

phenol, but it is credited with being useful as an intes-
tinal antiseptic, and its beneficial effect in the treat-
ment of tuberculosis has been explained as due to this
intestinal antisepsis. The odor of creosote in the
breath after it had been taken gave rise to the belief
that it acts as an antiseptic in the lungs, but it has
no destructive action on the tubercle bacilli in the
lungs, because they are embedded in the tissues and »

are therefore inaccessible to the creosote.

Guaiacol
Guaiacol is one of the chief constituents of beech-

wood creosote, which it resembles closely in its actions.
It is somewhat less actively antiseptic and germicidal.
It is absorbed from the unbroken skin, and is then

capable of reducing the body temperature, but it is
prone to cause collapse.
It is used much like creosote, over which it has no

decided advantages.
The carbonate of guaiacol is a crystalline powder,

which is inactive until it is decomposed with the lib-
eration of guaiacol. It is said that this decomposition
takes place only in the presence of putrefactive organ-
isms, and that its antiseptic action is developed only
where it is needed.
Its tastelessness and the decomposition in the pres-

ence of putrefactive organisms would seem to give it
a decided field of usefulness.

Thymol
Thymol is a phenol obtained commercially from oil

of ajowan and occurring in oil of horsemint, oil of
thyme and other volatile oils. It is frequently used
as a urinary antiseptic and of late it has come into
considerable prominence as a remedy in hookworm
disease.
Thymol iodid, formerly known as aristol, is an anti-

septic powder which was supposed to represent the
activities of thymol and of iodin, but it is so stable
that it has little of the actions of either. There seems
to be no sufficient reason for its continued use as a
substitute for iodoform, to which it is inferior in anti-
septic action. It is nearly odorless ; at least, the odor
is not nearly so penetrating as is that of iodoform.
It is used as a dusting-powder.
This may be taken as representing the type of prepa-

rations which have been introduced as substitutes for
iodoform, in which it is sought to secure the antiseptic
action of the latter without its disagreeable odor.
Many of these preparations have been introduced, but
they are not antiseptic unless they are decomposable
with the liberation of iodin. Most of them have fal-
len into disuse, or are employed as dusting-powders.
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for which purpose they have no advantage over much
less expensive ones.

Betanaphthol, also known as naphthol, is a phenol
found in coal-tar, but usually manufactured from
naphthalene. It is only sparingly soluble in water
( 1:950) and is absorbed rather slowly from the ali-
mentary tract. When absorbed in sufficient amounts it
is capable of inducing toxic effects, including nephritis
and destruction of the red blood corpuscles.
It is more actively antiseptic than phenol, and has

been used as an intestinal antiseptic ; for this purpose
its slight solubility and absorbability are advantages.
H. C. Wood, among others, has called attention to

the large volume of fluid which the intestines contain-
variously estimated at from 4 to 6 liters—and the
large amount of antiseptics which would be required
to be effective. While the intestinal antiseptics in
common use may exert their action in the small intes-
tine, it seems extremely doubtful whether any of those
discussed so far can be administered in sufficient
amount to influence the contents of the large intestine
to a marked degree.
The subject of intestinal antisepsis by means of

drugs intended to inhibit the growth of bacteria has
received a great deal of attention, but the results hith-
erto reported are contradictory and difficult to explain.
There can be no doubt that the nature and character

of the infection, its location in the intestinal tract, and
the condition of the intestinal mucous membrane and
its secretions, as well as the food residues in the bowel,
must all influence the results of any efforts at intes-
tinal antisepsis.
It is not certain that absolute asepsis of the intes-

tine is desirable, though it is unquestionably desirable
to restrain the growth of putrefactive and other patho-
logic organisms.
The administration of a brisk cathartic at a time

when the body has not suffered serious injury from
the toxins of the organisms serves to sweep out enor-
mous numbers of bacteria mechanically, but unfortu-
nately many remain, and if conditions favor their
development there will soon be as many as before, for
the number which results in one day from the unre-

strained development from a single bacterium is incon-
ceivably great.
It is a matter of common experience that calomel

affords greater relief in the condition commonly called
"biliousness," than do other drugs of equal purgative
activity. This can be understood readily when one
remembers the various ways just mentioned in which
the development of bacteria may be influenced.*
Others find a brisk saline cathartic more satisfactory
in relieving the headaches and depression which are

commonly associated with some form of bacterial
activity in the intestine.
Attempts to modify the bacterial flora have been

made by introducing cultures of lactic acid bacilli, the
idea being that they will multiply and, splitting sugar,
form lactic acid, which is inimical to putrefactive
organisms. This method appears to be attended with
some success at times, but the lactic acid bacilli die
off rapidly and must be taken constantly for prolonged
periods to be of any service.
Numerous forms of this culture are described in

New and Nonofficial Remedies.
(To be continued)

4. Intestinal Antisepsis is discussed by Norman M. Harris in The
Journal A. M. A., Oct. 12, 1912, p. 1344.

Therapeutics
PREVENTION IS GREATER THAN CURE

(Continued from page 997)
XXIV

Scarlet Fever (Continued)
treatment

A. Isolation.—Strict isolation measures, already dis-cussed under other headings, are most important inthis disease, and the nurse should distinctly under-
stand that it is the secretions of the mouth and nose,
and perhaps suppurating complications, that carryinfection. Also, she should understand that the great-
est possible care to disinfect or sterilize articles con-
taminated by such secretions should be exercised,
as the infecting germ is persistent and lives for a
long time unless killed. The best equipment of the
most appropriate room available for the care of the
scarlet fever patient needs no further discussion. Sun-
light is essential, as in all infectious diseases. The
most efficient cleanliness of the patient, the nurse,
and the physician who handles the case is also essen-
tial. If a child in a tenement house or in a house
where there are other children cannot be properlyisolated, he should be sent to a contagious-disease
hospital, if there is such.
B. Diet, etc.—As in the beginning of all diseases,

especially the infectious diseases, the bowels should
be thoroughly evacuated with castor-oil, calomel, orwhatever the physician deems best ; subsequently, theyshould be moved daily by some gentle laxative, foundefficient. If the patient has diarrhea, it is generallycaused by a mistake in the diet. Milk is the best
basis for the diet in scarlet fever. Intestinal indiges-tion is not frequent. Foods that add products to
the blood that during excretion are likely to cause
irritation of inflamed kidneys should be avoided.
It is open to discussion whether a mild nephritisis a complication of scarlet fever or a part of thedisease. We believe it is a part of the disease, and

a logical part of it. Whether germs or toxins are
excreted by the kidneys and irritate them, as has
been suggested, it is certain that when the skin of
one-third or more of the body is inflamed, becomesdry and does not properly secrete or excrete even
water, the kidneys almost invariably become irritated,if not inflamed. Theoretically, the more intense the
inflammation of the skin, the greater the amount
of desquamation, the greater the amount of chillingof the body, and the greater the amount of decom-
position products of protein metabolism, the more
the liability to nephritis. The aim of the physician,therefore, should be to diminish the inflammation
and irritation of the skin, to keep it warm, to attempt
to keep it moist and promote its secretion, and to
give a diet rather low in proteins and without meat,
meat extractives or purins. Also, if possible, no
drugs should be administered that tend to irritate
the kidneys, especially after the first week of the
illness. Such drugs are coal-tar products, synthetic
products, caffeins, and any of the drugs that are
known as stimulant diuretics. Even drugs that con-
tain salicylic acid should, be avoided.
The diet, then, in scarlet fever first depends on

the amount of fever and the severity of the illness.
The greater the intensity of the disease, the more
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